The ventral surface of the brain stem is anatomically surrounded by the clivus anteriorly,
Historical Background
The first surgical access was made to the posterior fossa aneurysms via the suboccipital route by Dandy1 in 1944. Neurosurgical pioneers2-4 performed the similar trial to the aneurysms in the early neurosurgical decades, however the surgical results were not acceptable because of damage to the cranial nerves and brain stem, with distressing morbidity and mortality. In 1965, Drakes reported better surgical results to the basilar bifurcation aneurysms via the subtemporal route, and established successful surgical method and results by his approach and by the development of surgical microscope in the late '60th. The upper basilar aneurysms were already in the illuminated in the surgical field, however, aneurysms on the lower basilar trunk located behind the clivus were still in the darkness of the "no-man's land".
Surgical exploration of the clival meningioma was made by Olivecrona in 1927, but it had been concluded for long years that they were inoperable after his un acceptable experience of 8 cases.6 The suboccipital route was used for cerebellopontine angle tumors,7,8 but did not offer enough space between the cranial nerves and the brain stem for the clival tumors. Surgical Surgical technique of the middle fossa transpetrosal approach: 1) Transpetrosal approach with preserved hearing: The approach is indicated for patients with preoperative useful hearing. The skin incision and cranio tomy site are made on the temporal area, slightly varied from the site of pyramid resection. After dissection of the dura on the temporal pyramid, the pyramidal bone is drilled off extradurally. Hearing can be preserved if the bone resection is limited anterior or posterior to the organic bone, such as cochlea and labyrinth. The anterior spot is surrounded by the trigeminal impression anteriorly, the eminentia arcuata posteriorly, the major petrosal groove and cochlea laterally, and the carotid canal and internal auditory canal inferiorly. Detachment of the middle meningeal artery is necessary to expose the area. The approach is named anterior transpetrosal approach (Fig 1A) ,33 and upper half of the clivus and basilar trunk are accessible between the 3rd and 7th cranial nerves. The posterior spot is surrounded by the semicircular canal of the labyrinth anteriorly, the sigmoid sinus posteriorly and the jugular bulb inferiorly (Trautman's triangle). The disadvantage was risk of venous com plication, because the sigmoid sinus must be mobilized posteriorly. The approach is named presigmoid trans petrosal approach (Fig 1B) ,31 and the middle clivus and vertebro-basilar union are accessible between the 8th and 9th cranial nerves. Complete incision of the tentorium with detachment of the petrosal sinus enlarge the surgical field of either approach. Cerebrospinal fluid rhinorrhea is prevented by covering the pyramid with a grafted temporal fascia and fibrin glue.
2) Transpetrosal approach with sacrificed hearing: The approach is indicated for patients without pre operative useful hearing, or for whom hearing preser vation is not anticipated. A horseshoe scalp incision and craniotomy are made above the external auditory meatus, slightly posterior to the anterior transpetrosal approach. The mastoid air cells are resected partially, and the posterior petrous pyramid including labyrinth, is resected until the internal auditory meatus is opened (posterior transpetrosal approach) (Fig 1C) . The tentorium is incised above the meatus. Total resection of the pyramid includ ing the anterior part (total petrosectomy) offers a wide surgical field from IIIrd to XIth cranial nerves, and indicated large petroclival tumors extending posteriorly to the internal auditory meatus (Fig 1D) . The cerebro spinal fluid leakage is prevented with a free muscle piece plunged in the tympanic cavity, and a temporal fascia or abdominal fat tissues covered on the pyramidal air cells. jugular tubercle. The medulla oblongata, located pos teriorly, is immobilized by the lower cranial nerves. The opening key is to access laterally as possible by resection of the lateral rim of the foramen magnum from the suboccipital craniectomy (far lateral suboccipital approach (Fig 2A) .39-41) Bertalanffy42 reported "trans condylar approach" (Fig 2B) by partial resection of the occipital condyle without problem of neck instability, and indicated to the midline-located vertebral aneurysms and to the small or medium sized tumors. This approach may be beneficial to the vertebro-basilar union aneurysms as well, if the jugular tubercle can be resected.40, 43 The disadvantage may be the risk of laceration of veins around the jugular bulb. Sen44 described further bone resection including mastoidectomy and transposition of the vertebral artery, named "extreme lateral approach" (Fig 2C) , and indicated to large lower clival or jugular tumors (Table 2) .
Surgical technique of the suboccipital transcondylar approach: Under the 45 degree semiprone position the patient's head is flexed and rotated laterally. By this position the condyle process is easily resectable, being positioned at the most posterior part of the joint. A curved incision is made behind the mastoid process and the vertebral artery is exposed between the superior and inferior oblique capitis muscles. The Cl hemilamin ectomy is necessary for the tumor case. After unilateral suboccipital craniectomy the posterolateral rim of the foramen magnum is resected with partial resection of the postero-medial part of the condyle. The jugular tubercle is capable to drill dff epidurally if the lesion is located behind.42,43 This approach is indicated for vertebral aneurysms located within 10 mm from the midline, and for meningiomas attached on the anterior rim of the foramen magnum. Since the vertebral aneurysm was originally clipped by the transoral-transclival approach (Fig 3A) in '60th, the same trial was reported from Japanese neurosurgeon in '80th,45-47 and the method of dural closure was described.47,48 However bottom of the surgical field was still small (approximately 1 square cm) and limited in the lower clivus. The upper surgical field was markedly enlarged after development of divide of soft palate,49 and after removal of hard palate.50 Those are named "transpalatal approach" (Fig 3B) , and indicated to the epidural tumors such as clival chordomas and angio fibromas. According to development of fibrin glue the dural closure became easier, and it was indicated to the intradural lesions located in the midline, such as small meningiomas, neurinomas, or aneurysms.51 In 1989, the transoral approach was combined with the Le Fort I maxillotomy (Fig 3C) , applied to the clival tumors and vertebrobasilar aneurysms,52,53 and extended the lateral surgical field. The transmaxillar or transfacial approach,54 however, was used mainly for malignant tumors, and the evaluation has not been widely accepted for benign lesions, because of the high surgical intervention (Table 3) .
Surgical technique of the transoral-transpalatal approach: Under the supine position the patient's jaw is not so short as to close the clival dura safely.
Future Prospect
The "no-man's land" is no more present in the clival area by the recent development of three kinds of surgical approach. Petroclival meningioma, a benign but the most tough pathology in this area, can be removed by the transpetrosal approach. However, complete tumor resection was risky in the patients with the tumor adhesive to the brain stem, or the tumor encased the basilar system.34 Encasement of the carotid artery, extend ing into the cavernous sinus, reduced the incidence of the total tumor resection. In these patients the tumor eradication was not achieved, radiosurgery will be a best tool to decrease the tumor regrowth.56 Limitation of the radiation dose in the tumor close to the brain stem, however, a single problem to be solved in the future. Epidural part of the clival chordoma has been cleared by the transoral approach and subdural part by the trans petrosal approach. The complete tumor resection, how ever, was not always achieved because the tumor infiltrate widely in the basal skull. Low sensitivity to the radiation therapy was a problem to the recurrent tumors. Bio logical tumor markers influential to the tumor recurrence, such as MIB-I (Ki-67)57 PCNA,58 AgNORs59 and neuro tensin60 have been investigated whether they are useful for markers of clinical tumor malignancy. In the future they will be an indicator of treatment for benign tumors, as well as for malignant tumors. 
